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TRANSFORMATION OF COORDINATES OF GEODETIC NETWORK
WITH USE OF SATELLITE TECHNOLOGIES ON THE EXAMPLE
THE TERRITORY ATTACHED TO THE CITY OF ALMATY

Abstract. This article discusses the method of satellite measurements at the points of the planned and high-rise
justification in the attached territories to the city of Almaty. In accordance with the decree of the President of the
Republic of Kazakhstan dated April 16, 2014 No. 798, land plots from the Almaty region with a total area of
23,200 hectares with 27 settlements located on them and a population of more than 92 thousand people were annexed
to the city of Almaty.

The increase in the territory of the city of Almaty is carried out in order to develop it, ensure security and law
and order, improve the functioning of industrial infrastructure, expand access roads, build social facilities, and bus
stations. The object of research is the Eastern border of the city of Almaty, the land of Kolsay and Sulusay villages,
with an area of 4412.0 hectares. The existing local system of coordinates (further - LCS) the city of Almaty
developed in the 60th years of the XX century was calculated on 20 - 30 years’ development plan for the city. Now
in connection with numerous expansion of borders of the city, LCS doesn't meet requirements imposed to their
accuracy when using modern methods of measurements.

Key words: the local coordinate system, state geodetic points, satellite technology, transformation of
coordinates.

Introduction. Today, for the successful use of LCS in modern conditions of widespread use of
satellite technologies, a number of problems are hindering:

- LCS is a flat rectangular geodetic network, therefore, when expanding the territory to use the local
coordinate system, for example, in the annexed territories, in the territories of nearby cities, airports, the
difference between the values of the parameters measured on the ground and on a large-scale plan
increases.

- When using modern satellite methods to achieve high accuracy, the contractor needs to know
either the parameters ofthe transition to the spatial geocentric coordinate system, or to the state coordinate
system of 1942 (SK-42), which are closed. Therefore, these works can only be performed in post-
processing mode, subject to the relevant regime requirements. These conditions greatly complicate the
processes of geodetic work and make them economically less efficient.

- In some cases, the city network in the process of their development and expansion of the territories
of economic development was thickened and supplemented by poor quality support networks that do not
meet modern requirements for coordinate accuracy and methods for fixing geodetic points on the ground.

- The accuracy ofthe local coordinate system created on the basis of the SK - 42 coordinate system
does not meet modern requirements and amounts to 1/50 000-1/150 000 or up to several decimeters at a
distance of 15-20 km [4,5]. In addition, in the process of development of thickening networks in LCS, the
state of things was aggravated by new additional errors. Some points in local coordinate systems have not
been preserved, and in many cases it is not clear on the basis of which support points the technical
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documentation ofthe engineering infrastructure was created. In many cases, on the borders ofthe annexed
territories that previously had different local coordinate systems, residuals occur, reaching a meter or
more. These shortcomings are inherent in the local coordinate system due to its significant size, because
there is a problem of distortion during reduction to the plane.

The choice of satellite geodetic measurement method. To date, the geodetic coordinate system
must meet two seemingly difficult compatible basic requirements:

- the coordinate system should ensure the effective use of modern technologies of global navigation
satellite systems (GNSS);

- the coordinate system should provide the maximum possible realization of the potential of geodetic
and cartographic data created to date by using traditional tools and methods.

An effective tool for topographic and geodetic production has proved itselfto be the methodology for
determining spatial coordinates by means of satellite geodetic measurements. The homogeneous high
accuracy of urban geodetic networks is achieved by applying reasonable optimal methods for satellite
observations and appropriate methods for processing them, as well as by using the optimal geometry of
the points, their uniform density and the maximum possible combination of old and new geodetic
networks [2].

Static survey is a classic survey method, well suited for all sizes of bases (short, medium and long).
At least two receiver antennas, centered above the points, simultaneously collect measurement data at the
ends ofthe basis for a period oftime.

These two receivers must simultaneously track four (or more) satellites, record data with the same
period and have the same elevation angle. The duration of the measurement session can vary from several
minutes to several hours. The optimal duration of the observation session is determined empirically and
depends on the following factors

- Lengths ofthe measured baseline.

- The number of satellites in view.

- Geometric factor (Dilution of Precision, DOP).

- The location ofthe antenna.

- The level of activity ofthe ionosphere.

- The type of receivers used.

- Requirements for accuracy.

- The need to resolve carrier phase ambiguity.

For base lines, dual-frequency receivers are used. Dual frequency receivers have two big advantages.
First, measurements at two frequencies provide greater accuracy than single-frequency receivers when
determining long bases even during increased activity of the ionosphere (ionospheric storms). Secondly,
dual-frequency receivers require significantly shorter measurement sessions to obtain determinations of a
given accuracy [6].

The coordinates and heights of state geodetic points (hereinafter SGP) located in the north-eastern
border of the city of Almaty: the lands of the village of Almerek should have been used as starting
geodetic points:

- SGP "Pokrovka" class 2 with a height mark from the leveling of class 4,

- SGP "Pervomayskaya" 3 classes with a height mark from leveling 3 classes,

- SGP "Alatau" class 2,

- SGP "Kyzylgayrat" 1st category with a height mark from leveling 4 classes,

- SGP "Pumping" 1category with a height mark from leveling 4 classes.

As a result of processing the obtained materials of preliminary observations and the calibration of the
initial SGP, the SGP Alatau, the center of which was destroyed at the time of the measurements, was
excluded from the source [7].

Also, when processing the results of GPS measurements in various areas (on the plain and in the
mountains) and the analysis of calibration and network equalization of altitude values, it was concluded
that it is impossible to obtain the heights of the determined polygonometry points with a given accuracy
specification. Therefore, all conducted static GPS measurements were used to obtain only the planned
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position of the polygonometry points of the developed air defense. The altitude values of points of the
developed network are obtained by the combined method. For some points, leveling courses of grade 4
were laid, and the heights of the remaining points were determined by RTK observations with control for
benchmarks and polygonometry points whose heights were obtained from leveling of grade 4 and above.

Using the GNSS Credo software package, processing of satellite geodetic measurements was
performed, according to the measured:

- the distance from the satellite to the receiver by code (pseudorange);

- the distance from the satellite to the receiver in the phase ofthe carrier frequency (Phase);

- the era (date and time) in which the measurement was made.

It should also be noted that the importance for calculations are ephemeris (satellite orbit parameters).

The initial data were satellite geodetic measurements and ephemeris in the format of Trimble satellite
geodetic receivers. The calculation of satellite geodetic measurements in differential mode is performed.
In this mode, the simultaneous operation oftwo or more receivers is assumed, with each pair of receivers
working simultaneously forms a baseline — a vector in space that can be calculated from observational
data. The main simulated value in the calculation of the baseline is the double difference of the phase
observations. Simplified positioning equation for phase measurements can be expressed as follows:

®re = f/lc * (prs + with * (5tr + Sts) + 5tr - Sion) + Nrs + s 1)

where, ®re - the measured value of the phase for receiver r to satellite s; prs - geometrical distance
between the receiver and the satellite; Str, Sts - corrections of hours ofthe receiver and the satellite; Nrs -
phase ambiguity (unknown number ofthe whole cycles of the phase bearing); Str, Sion - tropospheric and
ionospheric delays; s - other factors of influence; f - frequency of electromagnetic wave ofthe signal; ¢ -
light speed.

Double differences (2) are formed by forming the difference of the equations, first between two
satellites from one receiver (thus compensating for the correction of the receiver’s clock and partly the
influence ofthe atmosphere), then between two satellites along two receivers (the satellite clocks and, to a
greater extent, the influence of the atmosphere) are compensated . In this case, when forming the
differences, the integer nature ofthe ambiguity is preserved (3).

®dd = f/c * (pdd + Strdd - Siondd) + Ndd + sdd )

where,
Ndd = Nrl1sl Nrls2 - (Nr2sl Nr2s2) 3)

The preservation ofthe integer nature ofthe ambiguity in modeling is one ofthe factors ensuring high
accuracy in calculating the baseline. In the calculation, equations of double differences are formed, the
unknown of which are the corrections to the coordinates of the determined receiver and the values of the
ambiguities. Solving the system of equations using the least squares method, we obtain the values of the
ambiguities at which the sum of the squared corrections (VTPV) is minimal. However, these values are
not integer, which does not correspond to the initial definition of ambiguity. Each rounding of the
parameter obtained by solving the system of equations leads to a departure from the minimum VTPV. The
problem is to find a set of ambiguities that leads the solution in the least way away from the minimum
VTPV obtained by the least squares method and to prove that this set is indeed optimal. The criterion for
the acceptability of an integer solution is the ratio. Each of the integer sets of ambiguities - candidates
takes the solution away from the minimum VTPV by dVTPV. The ratio is obtained as the quotient of
dVTPV (best candidate) / dVTPV (second best candidate). Thus, the larger the ratio, the more reliable the
obtained integer solution can be considered true. If the ratio is greater than the threshold, the final
calculation of the baseline is performed provided that the ambiguities are fixed (fixed solution), if less
than the threshold, the solution obtained by modeling the ambiguities remains - a floating solution [8].

After importing the statistical satellite measurement data, the baselines between the SGP points are
calculated: Nasosnyi-Kyzylgairat, Nasosnyi-Pokrovka, Pokrovka-Kyzylgairat, Nasosnyi-Pervomaika,
Pervomaika-kyzylqairat, Pervomaika-Pokrovka which is shown in figure 1.
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Pokrovka

Figure 1- Scheme ofthe SGP network of the studied area

Based on the processing of baselines, the following statements are compiled:

- processing of baselines, which contains the results reflecting the quality of the performed GNSS
measurements (UPC and covariance ofthe elements ofthe baseline)

- coordinates of points along baselines, containing coordinates in the WGS system of 84 stations

the position of the receivers for points along each baseline, as well as the length of the baseline in
space and the ellipsoidal distance between two stations, obtained by solving the inverse geodesic problem
on an ellipsoid.

The main simulated measurements in calculating the baseline are the double differences of the phase
observations.

W ith the development of geodetic networks by satellite methods, closed figures can be formed from
vectors, the so-called polygons. Checking the closure of polygons before adjusting the network is a way to
check the quality ofthe calculation of baselines and reject bad decisions.

Closing polygons consists in summing vectors within a closed shape. In the absence of measurement
errors, the sum of the vectors forming a closed polygon will be zero. In reality, even under good
observation conditions, obtaining zero values. In addition to the quality of the decision of the baselines,
the closure ofthe polygons also reveals errors in measuring the heights of the receivers.

After processing the base lines, in the presence of redundant measurements or several starting points,
it is necessary to carry out the adjustment of the satellite geodetic network. In the GNSS system,
adjustment is performed in the spatial geocentric coordinate system WGS84, the adjustment results are
reduced to the projection plane ofthe user coordinate system.

The initial data for adjustment are processed baselines (vectors) reduced to the centers of points and
their covariance matrices, as well as the coordinates of the starting points. The adjustment module
simulates the coordinates on an ellipsoid, which allows you to assign points as initial points in plan and
height separately.

According to the adjustment results, a statement of corrections of equalized vectors and a catalog of
coordinates of the equalized points are shown which are shown in table 1and 2.

Table 1- Statement of corrections of equalized vectors

Vector Correction X Correction Y  Correction Z Norms. Norms. Norms.
correction X correctionY  correction Z

nasosnyi-kyzylqairat -0.011 0.003 - 0.005 - 3.168 0.520 -0.739
nasosnyi-Pokrovka 0.007 0.008 0.006 0.007 0.008 0.006
Pokrovka-kyzylgairat 0.002 - 0.005 - 0.008 0.657 - 0.861 - 1179
nasosnyi-pervomai 0.000 0.007 0.009 -0.026 1.054 1.284
pervomai-kyzylgairat 0.000 0.010 0.031 0.044 1.199 3.554
pervomai-Pokrovka 0.001 0.003 -0.004 0.320 0.421 - 0.596
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Table 2 - Catalog of coordinates of equalized points

Name Coordinates, m H (ell)
N E H
Pokrovka 4810726.660 660950.703 586.880 586.880
kyzylgairat 4801558.739 674802.845 769.999 769.999
nasosnyi 4803889.719 662299.424 607.457 607.457
Pervomaiskaya 4802656.158  656706.149 628.650 628.650
kyzylgairat 4801558.736 674802.842 769.991 769.991

The list of corrections of equalized vectors contains corrections to the components of the baselines
(VAX, VAY, VAZ) obtained from the least-squares solution of the system of parametric correction
equations. Also, the normalized correction calculated by the formula is displayed in the statement:

Vnormi = Vi/oi 4)

where oi - vector component of base line (AX, AY or AZ), by results ofthree-dimensional equalizing.

After receiving the catalog of coordinates of the equalized points, the point of the State Enterprise
"Kyzylgayrat® was excluded in which the error in the conversion exceeded 5 cm. Coordinate
transformation parameters were determined in the CREDO TRANSKOR software package, where
3 points participated. A graphical representation will help to display project points and show comparisons
of the relative positions of the combined points. Figure 2 shows a visual representation of the calculated
coordinate offsets in the UTM43N coordinate system relative to the local coordinate system.

Pokrovka

Nasosnyi

Ptervomaika

M 1:100000
Vector scale: in 1cm -0.02m

Figure 2 - The difference between the coordinates of the points of the coordinate systems UTM 43N and LCS

According to the results of the search for parameters by the coordinate systems UTM - LCS, we
obtain the accuracy that meets the requirements of regulatory documents:

- the largest planned error is 28 mm;

-the smallest planned erroris 7 mm;

- the transition parameter from UTM to the local coordinate system is determined by applying the
Helmert transform method, which is shown in figure 3.
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Figure 3 - Transition parameters from WGS 84 to LCS

Where the fields “x1”, “y |” are designated as the coordinates of the starting point in the UTM 43N
coordinate system, “x2”, “y2” are the coordinates of the starting point in the local coordinate system, the
calculated scale factor is displayed in the “m™” field, in the “ a "is the value ofthe angle of rotation [9].

Using the transition key shown in Figure 3, we perform the coordinate transformation, the results of
which are shown in Table 3.

Table 3 - Transformed coordinates of SGP points

Initial coordinate system of UTM Final coordinate system LCS Standart error

Payment
order N Point name N E Point name N E Vn Ve Vs

1 2 3 4 5 6 7 8 9 10
Pointsparticipating in determination ofparameters
1 Pokrovka 4810726.660 660950.703 Pokrovka 18907.970 2622.040  0.017 0.007  0.018
2 Nasosnyi 4803889.719 662299.424 Nasosnyi 12073.948 3989.915 -0.008 -0.028 0.029
3 Pervomaiskaya 4802656.158 656706.149 Pervomaiskaya 10824.730 - 1600.680 -0.008 0.021  0.022

The proposed algorithm for calculating the parameters of the transition to the local coordinate system
is applicable only for this study area.

The results of the work revealed a number of problems in the state of the existing SGN in Almaty.
Based on the work done, a conclusion is made about the unsatisfactory condition of the existing geodetic
base of Almaty. This is also confirmed by the study of information from various works, the actual state of
network points, used coordinate and high-altitude systems, static GPS observations at points of the state
geodetic network (hereinafter - SGN) of classes 1and 2, it was decided to make a large number of GPS
observations on points of the SGN in order to identify their suitability for use in the development of air
defense.

According to the measurement results, it was found that determining the relative position ofthe GHS
and the observed air defense points in terms of and especially in height within the tolerance is possible
only in small local areas.

The initial coordinates of the points used have marginal errors in terms of and in height of the relative
position and orientation. The use of reference stations of different companies located in the city of Almaty
was not used due to the fact that single reference stations in Almaty were determined by various methods
and their spatial position is heterogeneous, which does not contribute to high-quality high-precision
measurements. They are not suitable not only for the development of air defense, but also for the
production of topographic surveys at a distance of more than 10 km from the reference station, and
centering works for capital construction more than 3-5 km.
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Conclusion. Based on the foregoing, there is currently an urgent need to modernize the existing GHS
and create on its basis a new unified frame geodetic network in Almaty using satellite measurements.

Thus, the local coordinate system, to one degree or another, is characterized by the main
disadvantages:

- low and heterogeneous accuracy ofthe reference geodetic networks;

- the impossibility (due to operational restrictions) to effectively apply modern satellite technology in
the existing local coordinate system.

As a consequence of these factors, a complex of problems arises, without the solution of which the
operation of the local coordinate system is difficult, and sometimes impossible. The problems are related
to the need to determine with high accuracy the parameters of the transition from the local coordinate
system to the state system of geodetic coordinates SK-42. Coordinate errors of the reference geodetic
networks in the LCS, and often the unknown coordinates of the points of these networks in the SK-42
coordinate system, make this requirement quite difficult.

The solution to this problem is very complicated, because the errors ofthe old local geodetic networks
and the local coordinate system affect. Consequently, there is a need to modernize geodetic structures
(urban geodetic networks) and, on their basis, modernize the LCS of the city, provided that the
discrepancies in the catalogs of local coordinate systems and, accordingly, in the large-scale maps and
plans available, in engineering and legal documentation are minimized.

A. C. ¥Ypasanuesl, I'. M. *bipFbi36aeBa\ C. M. HypaKkbiHOB2

1CsT6aeB YHuBepcmTeT Anmatsl, KasakcTtaH;
MoHocgepa MHCTUTYThI, «¥I3TO» AK, AnmaTsl, KasaxcTaH

ANMATbBI ULATACBIHA LLOCbLINITAH AYMAL MbICANBIHOA
CMYTHUKT1K TEXHONOTMANAPAbI MAVUOANAHA OTbIPbIT,
FECAE3NANDBIK; XYNEHLW, KOOPOANHATACBIH TPAHC®OPMALUUANAY

AHHOTauma. byn wmakanaga Anmatbl KanacblHa KOCblAraH aymaatapfarbl >obanblK-6WKNK Hens
NYyHKTTepiHAeri CNYTHUKNK enwey afra kapacToipbinagbl. KasaxctaH Pecny6nukachl MpesngeHTii, 2014 Xbinrb
16 cayipaeri Ne 798 XapnbirbiHa caiikec AnMaTbl KanacbiHa »anmnbl ayfgaHbl 23 200 ra, oHfa opHanackaH 27 engi
MeKeH >K3He Xa/blK caHbl 92 MblIL, aaMHaH acaTblH Xep yyacKenepi Kocbingbl.

A/MaThl KanacblHbIH aymarblH ynraiTy OHbl JaMbITy, Kayinci3fgik NeH KyKbIKTbIK T3pTiNTi kamTamachl3 eTy,
EHEePK3CLWNK WHGPaKYPbIIbIMHBIH XXYMbIC ICTeYiH >XakcapTy, LWpy MaructpanbiapblH KeHelTy, 37eyMeTTiK
06bekTinepdi, aBTOBOK3angapabl cany MakcaTbiHAa XYprisinegi. 3eptrey o6bekna AnMaTtbl KanacblHbIH LbITbIC
LekapacbiHaarsl aymarsl 4412,0 ra 6onatbiH Kencail »xaHe Cynycail aybingapbl. XX - racbipablH 60 Xblngapsbl
33ipneHreH AnMaThl KanachlHbIH >Kepriikn KoopauHata YMeci (6ygaH api - XXKXK) kanaHbl fambITybiH
20-30 XbInablK XocnapblHa raHa ecentenreH. Kasipri yakbiTTa Kana LlekapacbiHbIH GipHelle peT KeHenTLlylle
6alinaHbicTbl, XXKXK Kasipri 3amaHayw aficTepgi nainganaHy KesiHgeri onapablH 43nATHE KOWblnaTbliH TananTtapra
xayan 6epmeigi [1].

Kpeno MHCC 6argapnamanbiK NakeTLw KoMfaHy apKbiibl CNYTHUKTIK Freofe3nsanblk efweynep eHaena” myHga
CNYTHUKTIK reofesuanbiK enwieynep MeH ademepnep 6actankbl gepekTep 60n4bl. CTaTUCTUKANbIK CAYTHUKTIK
efileynep AepekTepiH MMMoOpTTaraHHaH KewH Keneci MyHKTep apacbiHAarbl Herisri cbi3blKTap ecenTengi:
HacocHbIli-KbisbinraipaT, HacocHbili - TMokpoBka, [MokpoBka - KbisbiiranpaT, HacocHbili - [epBomaiickas,
MepBomalickas - Kbi3biiraiipar, MNepsomaiickas - MokpoBka. basanbik eHAeyAiH Henswije xacandbl: opblHAanraH
GNSS enweynepiHiH canacblH KepceTeTiH HITVXKeNepai KaMTUTbIH 6acTankbl cbi3baHbl eHaey naparbl (OKK x3He
6a3anblK 31eMEHTTEPALL, KOBapuaLmachl); ananncons 60MbiHLWLA Kepi reofe3nanbiK ecenTi LWeLly YKONbIMEH afiblHraH
rapbiliTarsl 6a3anblK Cbi3bIKTbIH Y3bIHAbLITbI XX3He el0 CTaHUWs apacbiHAarbl 3IUNCOMATBIK KallbIKTbIK, COHbIMEH
KaTap 3p 6asanblK Cbi3blK 6oiibiHAarbl HYKTenep YIWiH Kab6bingay CTaHuusnapbiHbiH WGS84 YW ecingeri
KoOpAuHaTanapfaH TypaTbiH Hen3n KoopauMHaTTap naparbl.

Basanblk ecenTey canacblH TEKCEPY >X3He AypbiC emec Lewimaepsi kabbingamay YLWiH NOAMroHZap XeniHi
TEeHecnpy angblHAa TylhblkTangbl. bas3anbik Cbi3bIKTapAbl eHAereHHeH KeliH >XepcepikTiK reofesvsinbiK dXeni
TeHecTipingi. GNSS xYWeciHae TyseTy WGS84 KelCNKNK reoLeHTpAik KoopanHat xYWecinge xYprisingi, TY3eTy
HITWKenepi TaHAanraH KoopavHaTanap XYVleciHiH npoeKumsnaHraH asbiKTbiKKa eTefi. TY3eTy HaTuXenepi
GoiibIHIWA TEeHECTIpinreH BekTopnaphAbl TY3eTy Typabl €cen X3He TEeHecnpureH HYKTenep KOOPAMHATTapblHbIH
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KaTanorsl Xacanagbl. TY3eMreH HYKTenepAiH KOOpAMHATTapbIHbLY, KaTanorbl Xacangbl, KaTe/mk 5 cM-feH ackaH
Kb3blnrapaT reofie3vsanbiK MyHKTL anbin TacTay Typanbl Wewim KabblngaHabl.

UTM 43N >x3He XXKXX apacbiHgarbl KoopavHatanapbl TpacthopMauusnay napameTpiepiH aHblktayja 3 nyHKT
KaTbickaH Kpego TPAHCKOP 6arpapnamanbik nakenHge >XYprisingi. 13gey HaTuxKenepi 6GoiblHWA eTneni
napameTpnep aHbIKTandbl: eH Y/iKeH kate - 28 MM; ey a3 kKate - 7 MM; CoHbiMeH katap, UTM-geH Xeprwkn
KoopauHaT XYWeciHe aybicy mapameTpi XenbMepT TYpreHgipy 34ra apKbiibl aHblKTanagbl. Anaiifa, eprinikTi
KoopAMHaTTap XYVleciHe Kellly napameTprepiH ecentey anropuTM TeK oChl 3epTTey aiiMarbiHaa KongaHblnagpl.

Onwey H3Twkenepi 6oOMbIHWA >KOcnapfarbl reoAe3vsiiblKk MNyHKTep MeH 6akbliaHaTblH  HYKTenepai
CaNibICTbIpManbl MO3ULUACHIH X3HEe OMIKTIriH aHblKTay TeK LlarblH ayjaHfapfa MyMLUH €eKeHAIri aHblKTangbl.
YKorapblga aiiTbinraHgapra CYVeHe OTbIpbIn, Kasipri Kese KoMAaHbICTarbl reofe3nsiblK XeniHi xalapTy X3He OHbiL
HerisiHge CNYTHWKTIK efweynepdi KongaHa oTbipbin, AMaTbl KanacblHbll Xaua 6ipblHFail reofesnsnbik XeniciH
KYpY KaXXeTTL N TybIHAahabI.

TYWMin cesaep: )KeprifikTi KoOpAuHaTa Xyilea, MeM/EeKeTTiK reoAesnsifblk MyHKTTep, CAYTHUKMK
TEXHONOruanap, KoopamHata TpaHcopMaLmsachl

A. C. Ypazanuesl I' M. “MpFM36aeBaJ, C. M. HypakbiHOB2

1KasHUTY mm. K. . CaTtnaeBa, Anmarthbl,
2WHCTuTYT noHoctepbl AO «HUKWT», Anmatbl, KasaxcTtaH

MPEOBPA3OBAHWE KOOPAUHAT FrEOAE3NYECKOIN CETWU
C NICMONb3OBAHMEM CNYTHUKOBbLIX TEXHOOT N
HA MPVUMEPE TEPPUTOPUWN, MPUCOEAVNHEHHbBIX K . A/IMATbI

AHHOTauMa. B aaHHOW cTaTbe paccmaTpuBaeTcs MeTOZ CMYTHUKOBLIX WM3MEPEHUI Ha NYyHKTax MNjaHoBO-
BbICOTHOM OCHOBbI B MPUCOEAMHEHHbIX K ropogy AnMaTbl TeppuTopusx. B cooTBeTcTBMM € Yka3om [pesngeHTa
Pecny6nnkun KasaxctaH oT 16 anpens 2014 roga Ne 798 Kk ropogy Anmatbl NPUCOEAWHEHbI 3eMe/IbHble YYaCTKN C
ANMaTUHCKO 06nacTu o6uleli nnowaabto 23 200 ra ¢ pacnonoXeHHbIMU Ha HUX 27 MOCENEHNUSMMW U YNCNIEHHOCTbIO
HaceneHuns 6onee 92 ThicAY yenosek [1].

YBenuueHvie Tepputopum ropoga Anmatbl NPOBOAUTCS B LieNIAX €ro passuTus, obecrneyeHns 6e30MacHOCTU U
npaBonopagka, ynaydweHns ¢GYHKUMOHUPOBAHUA MNPOMBbILLAEHHOW WHMPACTPYKTYpPbl, PaclUMPeHUs Bbe3AHbIX
MarvcTpaneil, CTpOUTENbCTBA COLManbHbIX 06bEKTOB, aBTOBOK3a10B. O6HEKTOM MCCNe0BaHUSA ABMSETCA BOCTOYHAs
rpaHuua ropoga Anmartbl, 3emnu ¢. Konbcaii n ¢. Cynycaid, nnowaasio 4412,0ra. CyliecTBytoLlas MecTHas cuctema
koopauHat (ganee - MCK) ropoga Anmatbl, paspabotaHHas B 60 rogbl XX-Beka, 6blna paccumTtaHa Ha 20-30
NeTHWUIA MNaH pasBUTMS ropoja. B HacTosiee Bpems B CBA3WM C HEOAHOKPATHbIM PacLUMpPEHUEM FpaHuL, ropofa,
MCK He oTBevaeT TpeboBaHMAM, NPeAbABASEMbIM K WX TOYHOCTM MPW WUCMO/b30BAHUN COBPEMEHHbLIX METOA0B
N3MEepPEHNIA.

C npvMeHeHveM nporpaMMHoro komnnekca Kpego MHCC 6bina BbinosHeHa 06paboTka CMyTHUKOBbIX
reofe3nyecknx W3MepeHud, rae UCXOAHbIMW AaHHBIMU MOCAYXWAW CMYTHWKOBbIE Fe0fe3UYEecKue WM3MEepeHns U
athemepugbl B hopmate CMyTHUKOBbLIX reofe3nyecknx npueMHmkos Trimble.

Mocne mMmnopTa AaHHbIX CTAaTUCTUYECKUX CMYTHUKOBLIX WM3MEPeHWI paccuuTaHbl 6a3oBble NIMHUKM MeXAy
nyHkTamu TTI: HacocHblil - Kbi3biiraiipat, HacocHbli - TokpoBka, MokpoBka - Kbisbiaraipar, HacocHblil -
MepBomaiickas, MNepBomalickas - Kbisbinraiipart, MNMepeomaiickas - MokpoBka. Ha ocHoBe 06paboTKu 6a30BbIX IMHWIA
COCTaB/IEHbl: BeJOMOCTb 06paboTKM 6a30BblX /IMHWIA, KOTOpas COLEPXWUT pe3ynbTaTbl OTpaXalollee KavyecTBO
BbINONHeHHbIX GNSS-u3mMepeHuii (CKIM 1 koBapuauum aneMeHToB 6a30B0M NMHUK); BEAOMOCTb KOOPAMHAT TOYeK
no 6a30BbIM MHUAM, COAepXKallas KoopauHaTel B cucteme WGS 84 cTaHUMIA CTOSAHWUSA NMPUEMHMKOB ANS TOYEK No
KaXX[0i 6a30BO NMHMKM, a TakxKe A/IMHY 6a30BOI NMHUKM B MPOCTPAHCTBE U 3M/IMNCOUSANBHOE PACCTOSAHME MEXAY
[ABYMS CTaHLMAMU, NONYYEeHHOE NYTEM pelleHns 06paTHOI reofe3nyeckoli 3agadn Ha anauncouae.

BbINONHEHO 3amMblKaHWe MOMIMFOHOB Mepef ypaBHMBaHMEM CeTW 418 MPOBepKM KauvecTBa pacuyeTa 6a30BbIX
JINHUIA 1 OTOPAKOBKN NNOXNX PELLIEHWA.

Mocne 06paboTkM 6a30BbIX SIMHWIA BbINO/IHEHO YpaBHMBaHWE CMYTHWKOBOWM reofesnyeckoin cetu. B cucteme
FHCC ypaBHMBaHME NPOU3BOAUIOCE B MPOCTPAHCTBEHHOM TeOLEHTPUYECKOn cucteme KkoopamHat WGS84,
pesynbTaTbl YpaBHMBAHWA PeLyLMPYIOTCA Ha MAOCKOCTb MNPOEKLUMM BbIGPAHHOW CUCTEMbl KoopawHat. [lo
pesynbTaTam ypaBHMBaHWA COCTaB/eH BEAOMOCTb MOMPaBOK YPaBHEHHbIX BEKTOPOB W KaTasior KoopAuHaT
YpaBHEHHbIX MYHKTOB. COCTaB/IEH KaTanor KOOPAUHAT ypaBHEHHbIX MYHKTOB, OblN0 peLeHo UCKAUNTL NYHKT [T
"KbI3blaraipaTr” B KOTOPOM NOrpeLHOCTb NpeBbliLian 5¢eM.
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OnpegeneHve napaMeTpoB npeobpasoBaHua KoopguHat mexgy UTM 43N n MCK ocywectsnsnace B
nporpammHom komnnekce Kpego TPAHCKOP, rge yyactBoBasnio 3 nyHkKTa. 1o pe3ynbTaTtam Moicka napameTpoB
nepexofja BbifiBMieHbl: HaubonblUas MNaHoBas OlWMOKa COCTaBifeT 28 MM; HauMMeHbluas MnaHoBas oOLMOKa
COCTaBfifIeT - 7 MM; MOMUMO 3TOro, onpefeneH napameTtp nepexoga u3 UTM B MECTHYH CUCTEMY KOOPAMHAT,
NpUMEHNB MeTof NpeobpasoBaHms enbMepTa. OfHAKO, NPeA/IOKEHHbIA anropyuTM pacyeTa NapamMmeTpoB Mepexosa B
MECTHYIO CUCTEMY KOOPAUHAT, MPUMEHUM TOMIbKO A/15 [AHHOTO UCCMeLyeMOoro yyacTka.

Mo pe3ynbTaTam W3MEPeHW BbIBNEHO, YTO ONpeAeneHWe B3aMMHOro nosioxeHus TC n HabnogaeMbix
nyHkToB MBO B nnaHe 1 0co6eHHO MO BbICOTE B Mpefenax A0nyckKa BO3MOXHO TO/IbKO Ha HEGO/bLINX NOKalbHbIX
nnowagax. Mcxoas M3 BbIWeCKa3aHHOTO0 B HacTosillee BpeMs CTOMT OCTpas Heob6XOAMMOCTb MOAepHU3aLUm
cywecTeytoweir MC n co3gaHus Ha ee 6a3e HOBON efMHON KapKacHOW reofe3nyveckoill cetu r. AnmMaThbl C
MCMO/b30BaHWEM CMYTHUKOBBLIX U3MEPEHWA.

KniouyeBble cfoBa: MeCTHaa cCUCTEMa KOOpAMHAT, rocyfapCTBeHHblE reofesnyeckue MyHKTbl, CNYTHUKOBbIE
TeXHoNoruum, npeobpasosaHue KOOPAMHaAT.
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